The European Commission has developed a long-term research strategy in order to enhance the impacts of European agricultural research and innovation (European Commission, 2015a) . At the same time, growing attention is paid to the effectiveness and efficiency of those research programs (a set of projects implemented by researchers) in a context of scarce financial resources. Effective results implemented by final beneficiaries of research programs need to be evidence-based in order to (1) report to stakeholders on the return on investments (CGIAR Impact Assessment and Evaluation Group, 2000) and (2) develop improvements in policies and projects (Mackay, Horton, 2003) . To do so, indicators of performance and the impacts of research programs are being developed, both at EU and Member State level. The task of developing "Horizon 2020 indicators" highlights this process (European Commission 2015b), since it intends to assess the results and impacts of the EU Horizon 2020 program 2 . Our paper is focused on a research program concerning a transition to organic farming in the Camargue territory (south-east France), where rice is the main crop production (circa 20,000 ha in 2013). Cultivation of rice is crucial for reducing soil salinity in Camargue by flooding paddy fields with fresh water. That is because the cumulative effect of the severe winds (the Mistral), as well as exposure to sunlight and temperature, result in strong evaporation, leading to salinity from groundwater, which in turn sterilizes agricultural land in the Camargue (Chataigner 1997) . On the other hand, the Camargue is subject to protective measures, due to severe environmental problems (e.g. pollution of the Rhône River). There is a dilemma between the need to cultivate rice to maintain farming in the Camargue and the need to protect the environment; thus the issue of the transition to organic farming has become increasingly important.
Organic rice production in the Camargue increased in the 1980s through the initiative of pioneer producers and today accounts for 10% of the total area of rice farming and for 16% of rice producers (35 out of a total of 215). In 2000, a research program for organic production in the Camargue was launched by INRA (French National Institute of Research Agriculture), together with CIRAD (French Agricultural Research and International Cooperation Organization), CFR (Centre for French Rice), and FranceAgriMer (National Institute of Agricultural and Seafood Products), with a view to fostering organic farming development in the Camargue. The Camargue Nature Reserve and the Rice Farmers Union (Syndicat des Riziculteurs) were also involved in discussions. In this paper we take account of six projects (table 1) out of eight included in the research program developed by INRA and its partners. Two projects, slightly related or unrelated to the transition to organic farming, are not considered: the valorization of rice straw, and farmers' views on sustainability. This paper pursues 3 objectives:
• To assess how organic cropping has developed in the Camargue, as well as the level and origin of related socio-economic and environmental impacts;
• To evaluate ex-post the role of research in the innovation pathway of the transition to organic farming in the Camargue;
• To identify external factors that have played major roles as alternative catalysts or barriers within that impact pathway. We undertook a participatory approach by involving stakeholders in the evaluation process and increasing their interest. We endeavored to enhance responsiveness during the evaluation process with a view to mobilizing changes and increasing the probability that results will be utilized (Weiss, 1997; Cousins, Whitmore, 1998) . These objectives required us to follow an approach designed for ex-post impact assessment, in order to reconstruct the innovation pathway after it has occurred. There was a particular focus on the role played by the network, mainly to clarify complex relationships and evaluate the accurate contribution of the different research actors in the pathway. To explore the conditions of developing organic cereals and highlight yield variability factors.
2005-2006

Experimentation in farming plots
To develop new crop management techniques, i.e. techniques to regulate weeds and improve fertilization management.
2008 "ORPESA Table" : "Organic Rice Production in Environmentally Sensitive Areas". This project has been conducted by INRA and was part of the EU Leonardo Da Vinci program.
To establish professional training in order to support farmers' conversion to organic rice production. To facilitate exchanges and develop knowledge among rice producers, researchers and other actors operating at the different stages of organic rice value chains in the world.
Since 2012
CIRAD Experimentation
To focus on the technicality of harrows, hoes and rotavators to regulate weeds. The interest of bringing ducks onto the land (to eat weeds) is also evaluated.
Moreover, the assumption was made that the innovation process is derived from changes in organic farming issues, within the complex system of interlinked actors.
In the next section we present the theoretical background, followed by the method developed and applied for evaluating ISRIP (Impacts of ScienceBased Research and Innovation Program). Finally, case study results are outlined, while the paper concludes by summarizing the main lessons learned.
THEORETICAL BACKGROUND Rationale for Qualitative Evaluation
In this paper we refer to innovation as "the implementation of a new or significantly improved production or delivery method [that] includes significant changes in techniques, equipment and/or software" (OECD, 2016) . Furthermore, we consider innovation as a dynamic process, in line with the concept of the Agricultural Knowledge and Information System (AKIS), which replaced the traditional linear transfer of knowledge (Gibbons et al., 1994) . The linear view of innovation is, however, still predominant in evaluation practices (Cozzens, Snoek 2010) , which does not allow complex and dynamic underlying mechanisms to be taken into account, nor to recognize systems of reflexive, learning and network interactions (Knickel et al., 2009) .
Moreover, considering dynamic and complex innovation processes made us focus on a qualitative analysis of the contribution, role and impacts of the research program under review. A quantitative assessment could be performed using a non-monetary approach or by comparing the cost of the resources invested to economic impacts (Penfield et al., 2013) . However, this type of approach embraces a broad level of analysis in considering the innovation system (Touzard et al., 2014) as a "black box". In effect, such explorations do not analyze the detailed process by which results were generated (Colinet et al., 2014) . Complex learning synergies, systems of reflexive and institutional environment, are not consistently reflected (Hall et al., 2003) given that a quantitative approach focuses on an "input-output" evaluation. We refer to inputs as resources (material, financial, human) invested in a research program (Springer-Heinze et al., 2003) , while outputs are concrete and tangible results (e.g. a new variety developed) of research activities, representing the various actions undertaken.
Literature Review on Qualitative Methods for Evaluating ISRIP
In this section, we seek to identify the most relevant qualitative methods for evaluating ISRIP through a literature review. These methods are critically assessed for their focus on complex mechanisms, on understanding of both the role played by the actor network and the process leading to wide changes, and for the extent to which they are participatory.
The Public Value Mapping (PVM) of Science Outcomes is a conceptual tool that aims to comprehend causes of social outcomes (Bozeman, Sarewitz, 2005) . Outcomes stand for changes in the behaviors, relationships, activities and/or actions of the stakeholders (Earl et al., 2001) . PVM presents the strength to look at the underlying causal logic of programs by focusing on "Knowledge Value Collectives" (KVC), which are used or developed by the actors' network to enhance and use scientific knowledge (Bozeman, Rogers, 2002) . Furthermore, PVM makes the assumption that science is only part of the process leading to social outcomes; thus, it explores alternative explanations to the underlying causal logic of programs. This allows all factors to be considered and attribution problems to be avoided. However, PVM only explores the public (social) value, and other dimensions like economic and environmental impacts are omitted. Finally, the contribution of the research is unsatisfactorily reflected and there is no official participatory procedure.
The SIAMPI approach (Spaapen et al., 2013) stands for Social Impact Assessment for research and funding instruments by studying productive interactions between science and society. Impacts are the effects produced by outcomes in a long-term perspective and can be intended or unintended (OECD, 2002) . The method focuses on learning instead of judging and accounting, as it concentrates on productive interactions (direct, indirect and financial interactions between researchers and other involved actors), which helps to understand the "black box" of the process between research activities and achieved impacts. This, in turn, allows more relevant indicators of measurement to be defined. Nonetheless, factors linked to the research are not clearly distinguished from external causes, and the contribution of the research remains unclear, whilst both economic and environmental impacts are not tackled. Finally, the method is not of a participatory nature.
The Outcome Harvesting (OH) method was developed by Wilson Grau and Britt (2002) to overcome the shortcomings of the Outcome Mapping approach (Earl et al., 2001 ) in terms of ex-post evaluating programs. Outcome Mapping aims to implement projects by constructing expected pathways. OH presents the primary focus for ex-post analysis and suggests identifying changes related to the intervention, before going further back to outputs and research activities. However, it does not rely on participatory instruments; rather OH recommends the collection of data through publicly available documents, surveys, questionnaires, and in-depth interviews.
The Payback Framework (Donovan, Hanney, 2011 ) is a logic model representing all the complexity of the research process, which helps in achieving impacts. The research process is considered as complex and non-linear since it comprises several feedback loops (e.g. an outcome can affect an activity). The model allows analysis of a research program, from the idea or invention developed in the research process, to the dissemination and adoption phase; in turn generating final outcomes and wide impacts. However, the information is collected through surveys, interviews, and the study of various documents; so that the method is not of a participatory nature. Additionally, the contribution of the research and actors within the network would merit significant additional reflections.
The Participatory Impact Pathway Analysis, or PIPA (Douthwaite et al., 2007) , is an approach inspired by program-theory (PT). PIPA looks at the detailed process generating impacts from activities, outputs and outcomes. It can also identify both expected impacts, and indicators of impacts, to better evaluate the program (Springer-Heinze et al., 2003) . Workshop(s) are organized with stakeholders in order to construct the expected impact pathway of the program by drawing it. The participatory nature of this approach is intended to enhance responsiveness during the evaluation process and raise the interest of local actors (Weiss, 1997; Cousins, Whitmore, 1998) . However, two main concerns with respect to the workshops are as follows: (a) the available time in workshops can be limited; (b) a power game may occur among participants, which means that the discussions can be dominated and biased by some actors (Mathie, Greene, 1997) . This is particularly problematic when diversity is lacking in group discussions (Mathie, Greene, 1997) . Moreover, causes with little or no link to research projects are underexplored.
Within these qualitative approaches, PIPA appears to be the most suitable for the purpose of this paper. PIPA is a participatory approach that allows local actors and changes to be mobilized while increasing interactions in the innovation network. In fact, a participatory procedure of evaluation pursues two major and interesting objectives. The first is to increase the uptake of evaluation results (Cousins, Earl, 1992) by increasing appropriation of the results by local actors. The second is to increase the autonomy of the actors (Tandon, Fernandez, 1984) , in that a participatory evaluation can induce changes through learning effects and interactions, and create knowledge (Plottu, Plottu, 2009) . The other approaches also present strengths: the PVM for the exploration of alternative explanations; the SIAMPI and payback framework which analyze the detailed mechanisms in the innovation process, and OH for its particular relevance to an ex-post evaluation. However, none of the approaches mentioned sufficiently address the issue of the actor network, nor do they deeply explore the factual occurrence of the different pathway links 3 , as well as the contribution of the research. Thus, there is a need to develop a new method to accurately evaluate ISRIP.
METHODOLOGICAL ISSUES
The method undertaken to evaluate ISRIP in this paper was constructed on the above-mentioned approaches but was mainly derived from PIPA, which was seen as the most suitable existing method. The other approaches complemented the method in order to (1) adapt PIPA to the requirements of ex-post assessment (with OH); (2) further consider factors with little or no link to the research program and explore alternative explanations (with PVM); and (3) use complementary ways of collecting data (explicitly suggested by OH and the Payback Framework) e.g. publicly available documents, since the time available in workshop(s) can be limited.
Furthermore, a detailed verification of the pathway links becomes imperative for participatory procedures, as discussions can be biased and scientific rigor can be questionable. Thus, three crucial supplementary tools were considered, although not used so far in the literature, or not explicitly, to assess ISRIP qualitatively (more details in the next sections): (1) the Social Network Analysis (SNA) (Scott, 2000) ; (2) process tracing (Bennett, 2010; Mahoney, 2012; George, Bennett, 2004) and (3) the counterfactual approach (Collins et al., 2004) . We developed a step-by-step approach, which utilizes all those elements.
First Step: Initial Screening, Identification of the Main Impacts and Collection of SNA Data
Overview of the Case Study
In order to obtain an overview on the case study and understand general decision factors for conversion to organic farming, a preliminary screening of the case was needed. Therefore, in-depth interviews were undertaken with the actors (the most "aware" ones) at the different stages of the value chain (table 2); as well as a first workshop with key researchers and representatives of the producers (11 people attended 4 ). 
Actors interviewed Specific objectives of the interviews
INRA and CFR researchers
To identify the outputs produced by research activities; and gather understandings on the role of the research.
Natural Park of Camargue To obtain a broad overview of the case study.
Traders (SARL Thomas
, the Comptoir Agricole du Languedoc and Biocamargue)
To collect overall views; and shed light on changes related to the scaling-up of the value chain.
15 farmers (4 organic and 7 partially-organic out of 35, and 4 conventional out of 180) chosen randomly To identify general factors that facilitate or hinder farmers' transition; and to identify the most important impacts (socio-economic and environmental). 4 conventional farmers were selected (out of 180) to obtain external opinions. Moreover, the list of impacts was completed with the program's expected impacts.
4. Present: 6 farmers, 2 researchers from INRA, 1 speaker, and 2 researchers from the case study team. 5. SARL Thomas is the main trader for organic rice, with around 5000 tons processed per annum. 
SNA Data Collection and Identification of the Main Actors
We conducted a Social Network Analysis (SNA) 6 with UCINET 6 software (Borgatti, Everett, and Freeman 2002) . The interviewees were the same as the previous sub-step (overview of the case study), except that the conventional farmers were excluded as they do not belong to the organic network. They were interrogated during the same interviews (first round) as for the previous section (overview of the case study). We first used SNA to identify the most important actors in the organic actor network, which helped us to concentrate on the main players for the second workshop (see the second step). But of most importance was to further examine, later in step 4, what the stakeholders stated in the course of this second workshop. We calculated SNA indicators which allow for investigation into the degree of intermediation of the actors (Betweenness), into the evolving intensity of relationships between pairs of actors (Degrees), and into the development of groups of actors who are strongly connected (Clustering Coefficient).
Stakeholders were asked to reconstruct the actor network during 6 periods 7 , corresponding to significant changes within the actor system (scalingup of the value chain, cooperation building or ending). Additionally, intensities of relationships around organic crop production, for each of the SNA dimensions (information flows, collaboration and financial links), were defined by stakeholders in accordance with a rating from 0 to 3 8 .
Second Step: Stakeholder Pathway Building
A second workshop was organized with the aim of reconstructing the theory of change of the program and drawing the related pathway. On the basis of the SNA results (Betweenness) we invited the most important types of actors (20 persons attended 9 ). However, all researchers involved in the research program were invited, as well as 7 organic and partially-organic farmers (beneficiaries) chosen randomly (out of 35).
Stakeholders were asked to identify changes (outcomes) related to the transition to organic production (e.g. adoption of new techniques to control weeds) before defining how, when and where they occurred, by identifying the 6. For more details on SNA, see Quiedeville, n.d. Paper submitted in 2016 in The Journal of Agricultural Education and Extension. 7. In the years 1999, 2001, 2003, 2005, 2006 , and 2010. 8. We did not consider the direction of the relationships. 9. Present: 2 researchers from INRA, 3 researchers from the CFR, 2 participants working at SARL Thomas, 1 respondent from Biocamargue, 1 moderator, 1 speaker, 7 organic and partiallyorganic farmers, and two assistants. Finally, the stakeholders drew the pathway (as expected in the PIPA approach) by linking cards representing the different pathway's events, i.e. the activities, outputs, etc. Identification of the changes was conducted in the plenary session, while the completion of the subsequent steps was undertaken within three diversified groups. However, it should be noted that, for reasons of time constraint, the choice was made not to ask stakeholders to specify which particular outcomes have triggered the different impacts. Still, we hypothesized that farmers do not necessarily feel concerned by impacts which do not occur at farm level (no such impacts were raised by farmers in face-to-face interviews during the first step).
Third Step: Refinement of the Pathway and Collection of ISRIP Pathway Indicators
We first completed the stakeholders' pathway with relevant elements from the first step, where we took account of links which were raised by the majority of the "aware" interviewees (table 3) . Then, ISRIP pathway indicators i.e. indicators for measuring each of the impacts, were defined by asking INRA researchers and studying the literature on organic Camargue rice. We asked researchers from INRA as they know the subject very well; the other stakeholders were not interviewed in order not to overburden them throughout the evaluation process. These indicators of impacts and the way they have been calculated are reported in table 5 (fifth step). 
Fourth Step: Process Tracing and Evaluation
In line with the PVM approach, which considers alternative explanations to the underlying causal logic of programs, we made the choice to use the process tracing method (the PVM approach does not mention this). This allows pathway links to be further explored and then validated. The links from the adoption of organic farming to the different impacts are also considered. a) The evaluator looks for alternative explanations to underlying mechanism(s) of the pathway links. They were defined from logical reasoning, studies on Camargue rice (Bayot et al., 2009; Mouret et al., 2005; Mouret et al., 2009; Delmotte et al., 2013; Mouret et al., 2012; Barbier et al., 2013; Mouret et al., 2004; Delmotte et al., 2011) King et al., 1994) and in impact evaluations of agricultural R&D (e.g. Walker et al., 2008) . If the majority of the stakeholders argued that the first event of a pathway's link can be removed without calling into question the subsequent incidence (counterfactual test), the link was eliminated 13 .
The interviewed stakeholders were the same persons as for stage (3) "Data collection"; and the questions were asked during the same round of interviews (second round)
10. 5 and 32 links were studied by INRA and organic farmers, respectively. 11. 20 links were rejected (all of them were alternative explanations). 12. For further information about counterfactual: see (Pearl, 2000) . 13. Four links were rejected (including one alternative explanation). The rationale is, first, that other factors than research may influence the achievement of outcomes and impacts. Second, there is a need to confirm what the actors stated during workshops due to the possibility of power games influencing discussions. Process tracing (Bennett, 2010 ) is a tool that can be used to help establish that (1) an initial event or process took place, (2) a subsequent outcome also occurred, and (3) the former was a cause of the latter. It can be applied by two different versions; the Hoop or Smoking Gun test. We only applied the Hoop test that focuses on the necessary conditions of the different mechanisms. This test is passed if the necessary conditions are actually present. A necessary condition (e.g. better relationships among farmers around an innovation K) for an event Y (e.g. adoption of the technical innovation K) is a condition that must be fulfilled for Y to be reached; however, this condition is not necessarily sufficient. The Smoking gun test was not applied as it focuses on satisfactory conditions, in other words on factors that are sufficient to explain the occurrence of the mechanisms investigated. These strong requirements to pass the Smoking gun test would have been very difficult to identify and fulfill. Instead, the counterfactual approach was used to complete the Hoop test and fully confirm the occurrence of the pathway links. We completed four stages, which are reported in table 4. Moreover, note that we made use of a so-called "table of links", in order to organize the different information collected: origin and destination of the links, underlying mechanisms, and alternative explanations (see table 6 in appendix).
Fifth Step: Importance of Pathway Routes and Measurement of the Impacts
Critical Research Points and Importance of the Pathway Routes
First, we named as "Critical Research Points" (CRP) the second event of the pathway links that would not have happened without the research. To do so, we utilized the answers given by stakeholders in step 4, regarding counterfactual questions. The identification of CRP was intended to help identify the accurate role of the research in the innovation pathway. Additionally, we assessed the importance of pathway events in reaching subsequent events, with the aim of better estimating the contribution of the research per se (e.g. the extent to which the "development of crop rotation" was important to achieve the "adoption of the organic production mode"). The pathway routes that contain an outcome were studied by asking the same 12 organic and partially-organic farmers as for the fourth step (during the same interviews). The pathway routes focusing on relationships among actors were, however, studied by the SNA; and for the other links we asked 1 researcher from INRA (still the same person and round of interviews). The scale used was; low (1), moderately important (2), and important (3).
To Measure Impact Pathway Indicators
Another objective of the interviews conducted with farmers was to collect information to help measure impact pathway indicators. Table 5 specifies the indicators of impacts in relation to the different impacts while providing explanations as to how they were calculated. On the basis of the same interviews, the use of pesticides was estimated through the Treatment Frequency Index (TFI) 15 , which equals the ratio of the dose applied to the approved dose. Example: a TFI of 2 corresponds to 2 full doses applied on average/ha. The year 2014 and the year before the conversion were taken into account 
RESULTS
Impacts of the Transition to Organic Farming
Significance of the Impacts
The impacts identified arise from the transition to organic farming, in other words from the outcome "adoption of the organic production mode". In effect, stakeholders were asked precisely to describe the impacts linked to the conversion to organic farming. Additionally, the expected impacts of the research program were also related to the transition to organic agriculture. Eight impacts were identified, which we divided into three categories: the development of organic cropping, the environmental impacts and the socio-economic impacts. We understand socio-economic impacts as affecting the beneficiaries and the structure or vocation of the territory. The time span ranges from 1999 (just before the research program started) through to the year 2014.
• Development of organic cropping: o The surface dedicated to organic rice production has steadily increased and attained 1400 ha in 2014 16 (progressing from 608 ha in 2003 and 1050 ha in 2007) . o The number of organic rice producers had reached 16% of the total number of rice producers by 2014.
• Environmental impacts:
o The fall in the use of pesticides with a decrease in the Treatment Frequency Index (TFI 17 ) of around 51% at the organic and partiallyorganic farm level, and 8.5% within the territory (all farms). o The reduction in the water used was about 45% at the organic and partially-organic farm level, and 8% within the territory, primarily due to the decrease in rice surface area. o The diminution in fuel 18 consumption of about 17% at the organic and partially-organic farm level and 3% within the territory. This is the result introducing grasslands and alfalfa, which are less demanding in terms of cultivation.
16. There is a lack of statistics concerning the years between 2000 and 2003. 17 . TFI equals the ratio of the dose sprayed to the highest authorized dose. The approved doses were found on the official website: e-phy.agriculture.gouv.fr. 18. We asked farmers to report their technical itineraries with the material used. We then calculated the consumption of fuel based on the "barême d'entraide" (scoring grid) of the French Chamber of Agriculture. o The decrease in nitrogen requirements of about 24% at the organic and partially-organic farm level and 4% within the territory. This is due to a decrease in the yields and the cultivation of crop production requiring few or zero units of nitrogen (grasslands and alfalfa).
• Socio-economic impacts:
o An increase in net margins per hectare (higher selling prices) of about 111% on organic crop productions, without taking account of the single payment entitlements. o A reduction in the total surface devoted to rice (conventional and organic) of about 45% at the organic and partially-organic farm level and 8% within the Camargue, given the fact that conversion to organic rice requires an extended crop rotation to control weeds.
Origin of the Impacts
The stakeholders identified (in the second workshop) 6 incremental innovations (technical and organizational) related to the transition to organic farming, and from which the impacts arose. These innovations are part of the outcomes, in that they refer to adoption behaviors. The 6 incremental innovations raised by the stakeholders, and directly connected to subsequent impacts, are as follows:
• The development of crop rotation systems: this consists in extending and diversifying crop rotations. The rationale is to reduce risks linked to pests and weeds.
• False-seed bed techniques (mechanical): this consists in working the soil to allow the germination of weed seeds, followed by further cultivation to remove and control weeds.
• Sowing the paddy fields at a later date: the interest in deferring the sowing date is to boost rice growth through higher temperatures, which encourages weeds to be smothered.
• Increased level of water in paddy fields: this technique aims to smother weeds.
• Increased crop seeding rate: the objective is to smother weeds when they emerge.
• Organization of the organic value chain through the creation of the BIOSUD firm in 2003.
Role of the Research in the Impact Pathway
We describe how the research has played a role in the impact pathway by assessing the different activities undertaken and their effects in terms of the outputs and outcomes produced. Figure 1 is an illustration of the impact pathway of the transition to organic farming in the Camargue. 
ORPESA project: Importance of creating shared knowledge
The ORPESA training scheme (2006) (2007) was completed thanks to initial experimentations by INRA (2005 INRA ( -2006 and testing conducted independently by farmers (refinement and optimization of their production systems). INRA established professional training called the "ORPESA Table" in order to support farmers' conversion to organic production, mainly by sharing knowledge on weed management and fertilization. The main interest areas were then represented in leaflets and circulated by INRA by making these available at the CFR for free consultation. There is clear evidence that the "ORPESA Table" would not have occurred if the CEBIOCA project and experimentations in farming plots had not taken place. The CEBIOCA project (2000 -2004 allowed a deepening of knowledge on yield variability factors in organic production systems: it was demonstrated that weeds are a key factor
20
. INRA could not have participated in ORPESA without possessing significant knowledge to contribute to the exchange platform. In the same context, the trials led by producers on their own were undeniably needed. The advanced experimentations (2011) were implemented based on the recommendations made by producers in the ORPESA project; however as previously stated, they seem to have played a limited role in the transition to organic agriculture. Moreover, it should be noted that INRA was more acknowledged by farmers who have hosted their scientific experimentations: they rated a double score of relationships with INRA. Also, the SNA has shown there was low involvement by the CFR, which confirmed what has been stated by the stakeholders during the second workshop. In fact, the CFR is strongly linked to the Rice Farmers Union and is under pressure from some conventional rice producers committed to the Rice Farmers Union.
Limited role played by CIRAD
Since 2012, CIRAD has been implementing specific experimentations, which are focused on the technical use of different machines like chain harrows, as well as on the interest of bringing ducks onto the land to regulate weeds. Surprisingly, the ducks like eating weeds but have little interest in rice plants. That said, we have to emphasize the very limited scope of these experimentations. Currently, only one rice producer benefits from this research effort. The other farmers are not willing to make use of this production system, 20. Experimentations in farming plots (in 2005-2006) would not have happened without the CEBIOCA project since INRA would not have been aware of the main issues to be studied. 21. For a more detailed SNA, refer to (Quiedeville et al., n.d.) . In the workshops and in-depth interviews, the rice farmers highlighted a lack of involvement by the CFR. This is seen as a barrier for them to convert to organic rice production (lack of experimentation and very weak knowledge of brokering activities). The farmers claimed that the CFR should work in specialist areas related to organic rice, which INRA currently engages in, but CFR should also be involved. The French Rice Centre's missions are to provide information and advice to farmers, experiment with cultivation techniques, and implement a breeding program. However, the institute has not undertaken specific research for organic rice until now.
Role of External Factors as Compared to the Research
All the farmers emphasized the crucial importance of, and unfeasibility of, converting to organic farming without extending their crop rotation. However, the solutions provided by the research for crop rotations were not well acknowledged; rather farmers underlined the greater importance of their own trials, with no direct support from research. In effect, farmers argued scientific experimentations were not very well adapted to their particular situation (different geographical and soil conditions). In particular, the INRA leaflets on how to manage weeds in organic farming systems, and created on the basis of the advanced experimentations (2011), were only moderately appreciated.
A second crucial external change is improved market access due to the creation of the packer enterprise BIOSUD in 2003. BIOSUD was created by the cooperative SudCéréales and SARL Thomas (a private trader) with a view to selling their organic products through a specialized enterprise. The decision to found the company was motivated by the growing number of organic farmers, but with no clear direct link to the research program. The foundation of the BIOSUD firm seems, in turn, to have sustained the adoption process of organic cropping by developing markets' access for farmers.
Finally, the contribution of the research is reduced by the key role played by external economic drivers. These comprise the high selling price of the organic rice compared to conventional rice (double the value) as well as the CAP payments to both convert and maintain organic surfaces. Without those external factors, the adoption process would not have taken place, the farmers reported.
DISCUSSION AND CONCLUSION Discussion
Effects of the Research Program
We identified research activities that produced significant outputs, but their influence on the innovation pathway remained partial. In other words, the research program contributed to achieving outcomes and impacts, but not in a substantial way. This is illustrated by the fact that the Critical Research Points are only situated along the linkages from activities to outputs. The perception of the farmers reflected a situation where there was a certain gap between research outputs and their individual decisions regarding the adoption of new techniques. Three main pieces of evidence can be emphasized: (1) informal testing made by farmers on crop rotations was very important in converting to organic farming; (2) the institutionalization of the supply chain was a decisive factor; (3) economic factors were fundamental.
Although outcomes and impacts were achieved, the research institutions were not critical driving forces in their achievement. The role of INRA in the actor network increased, but this has not greatly supported the conversion to organic farming, nor the achievement of impacts. Two main reasons were identified: (1) the technical innovations developed by the research were not considered to be very suitable by farmers; and (2) there was a lack of appropriate advice offered by INRA, which raises three important characteristics for the implementation of innovations:
• Communication support (orally or written) and the way in which the farmers receive the information (one to one advice, plenary sessions, etc.).
• The specific and heterogeneous local conditions in farms, which can reduce the effectiveness of generalized information to all the farms.
• The question of which institutions undertake experimentations. The evaluation of the research program has particularly allowed stakeholders to identify barriers to the adoption of organic farming, especially the relative inadequateness of the experimentations (farms are very heterogeneous) and the insufficient involvement of the CFR. Stakeholders came to the conclusion that (1) the CFR should work in specialist areas with organic rice, which INRA currently engages in, which CFR should also be undertaking; (2) the experiments should be designed and conducted with better farmer collaboration; and (3) on-farm trials should be further developed.
Furthermore, although the ORPESA project has allowed the creation of shared knowledge and has helped in designing advanced experiments, an insufficient number of farmers participated. Moreover, workshops raised sensitive issues concerning relationships and interactions among the local actors, which have had implications, particularly in terms of scientific collaborations. The number of actors in the Camargue is very limited, forming a "social microcosm" where individuals are influenced by the locally dominant opinion. Interestingly, the CFR and INRA recently decided (after evaluation of the research program) to collaborate more closely on organic farming system issues, as desired and expressed by farmers in the second workshop. Finally, we believe that external experts should regularly assess whether and how outputs, outcomes and impacts are actually achieved in order to produce changes in the way research programs are executed, whilst there is still an opportunity to do so. In fact, the researchers seem to be too optimistic regarding the use of results by potential beneficiaries, as well as the achievement of valuable results.
Differentiation of Results
Our results reflect a broader observation concerning agronomic research on rice. It is important to consider factors other than research. As an example, a study commissioned by IRRI (International Rice Research Institute) in 1993 in Asia showed that improved varieties by breeding process were only adopted by farmers possessing parcels in which the irrigation is well controlled (Chataigner, 1997; David, Otsuka, 1994) . In that case, good production structures were needed to allow the research to be effective. In the same vein, consistent support payments, political interventions, or an appropriate institutional context are essential to create a favorable environment and permit the research to reach its full potential. Moreover, knowledge is not only generated by researchers but also by farmers and private companies (EU SCAR, 2012) . The trials conducted independently by Camargue producers are a good example of this. Joint research between institutions and farmers are also important; and were particularly valued in our case study by means of on-farm trials. Studies like JOLISAA 23 (Almekinders et al., 2012 ) demonstrated more clearly, but in an African context, that collaborative research can solve problems encountered by farmers to make desired changes possible. Lastly, in the general context of increasingly complex models of knowledge co-creation, the needs of and the varied types of knowledge must be acknowledged and reflected interactively among stakeholders (Moschitz et al., 2015; EU SCAR, 2012; Klerkx et al., 2009) . Nevertheless, in our case study the CFR did not acknowledge the need to develop more sustainable systems and has disrupted the pathway the innovation was taking. This situation shows that when farmers' needs are ignored, extension services or institutions can be barriers to innovation. Knickel et al. (2009) found a similar result in the context of adapting farms' systems to multifunctional agriculture.
The Method Applied to Evaluate ISRIP
Ex-post rebuilding of the ISRIP pathway in reverse allowed us to consider all changes, both linked and unrelated to the intervention. The second workshop, which aimed at reconstructing the pathway of the research, was not strictly focused on the effects of the research program, as alternative routes to the ISRIP pathway were also discussed. Additionally, process tracing and counterfactual approaches were very useful complements to the mixedmethod. Indeed, they allowed the hypothesized pathway links to be accepted or rejected; and the specific role of the research to be evaluated accurately.
Some challenges have been encountered in the second workshop with respect to the identification of outcomes by stakeholders, and to obtain sufficient stakeholder diversity. Regarding the first point, stakeholders were asked to first define the outcomes (changes) before linking them to activities and outputs. Not providing inputs to stakeholders had allowed significant responsibilities to be given to them, but they encountered difficulties in identifying outcomes related to the transition towards organic farming. It could have been more appropriate to ask about changes occurring in their personal situations instead of more generally, in order to make the exercise more concrete. Another possibility would have been to present preliminary results (i.e. to present likely changes due to organic farming conversion) based on initial face-to-face interviews, before engaging in discussions. Furthermore, in the second workshop, there were probably too many farmers compared to the number of researchers. It follows that farmers were in a relatively dominant position in the discussions; however, a wide range of opinions could be debated. For example, at the beginning of the workshop, farmers advocated that the research did not produce any effects on organic farming conversion. But INRA then displayed the leaflets they produced to those attending, in order to defend a completely different point of view; and the discussion could be launched on a better basis.
Moreover, the impacts were identified based on individual interviews with the program's beneficiaries, i.e. the farmers. Researchers were not involved, given their direct involvement in the program, but this may be viewed as a bias in the analysis since general impacts on the environment, like a higher level of biodiversity, were not raised. Individuals from civil society may also have been involved, to identify potential impacts which do not directly affect farmers. Additionally, the method applied had slight weaknesses with respect to the identification and understanding of the mechanisms occurring between outcomes and impacts. Stakeholders were not asked to specify which particular outcomes have triggered the impacts. For future similar studies, however, one may think about identifying in workshop(s), but only at farm level (we assume farmers are not particularly interested in the other impacts), the specific outcomes leading to impacts (in addition to the aggregated outcome "adoption of the organic production mode"). The pathway links that do not directly concern farmers may be investigated by a panel of experts in face-to-face interviews.
GENERAL CONCLUSION
We demonstrated that the research played a limited role in the innovation pathway, although we also underline that the research could not be sufficient by itself and requires political, institutional and organizational support. In particular, we stress that an ambitious agricultural policy in the form of support payments, as well as research collaboration through on-farm trials, is required. Furthermore, a lack of attention to the needs of farmers seems to partly explain the failures in the innovation pathway.
It would be of interest to further explore whether our results and conclusions can be confirmed in other contexts, i.e. in other territories and under alternative conditions such as different policy or institutional schemes. In particular, it would be interesting to further investigate under which circumstances extension services or institutions are becoming barriers or catalysts for innovation and research implementation.
Moreover, the mixed-method applied appears to be suitable, but could be further refined. As an example, we could slightly reduce its participatory nature in order to better evaluate the impacts. Additional research is needed to examine this and achieve a more consolidated method.
